Syringomyelia associated with spinal arachnoiditis is commonly caused by trauma, infection, and surgery of the spinal cord. Severe cases with extensive adhesive arachnoiditis are very difficult to treat.
CoRReSPonDenCe: kiwatsuki@nsurg.med.osaka-u.ac.jp this paper was subject to independent, expert peer review by a minimum of two blind peer reviewers. all editorial decisions were made by the independent academic editor. all authors have provided signed confirmation of their compliance with ethical and legal obligations including (but not limited to) use of any copyrighted material, compliance with ICMJE authorship and competing interests disclosure guidelines and, where applicable, compliance with legal and ethical guidelines on human and animal research participants. revealed a deformity of the spinal cord, a syrinx at the level of T12, and the partial disappearance of the subarachnoid space extending from the T8 to L 1 levels (Fig. 2) . surgical approach. Because the symptoms were progressive, laminectomies and partial arachnoid dissections of the dorsal surface of the cord, from the C7 to T7 (case 1) or from T8 to L (case 2), were performed along with a syrinxfar distal subarachnoid shunt (for both cases). We decided on the range of laminectomy and arachnoid dissection of the spinal cord to restore the blockage of cerebrospinal fluid (CSF) flow causing the syrinx. In both the cases, on opening the dura mater, the arachnoid membrane was found to be thick and adhered to the dura mater and spinal cord irregularly (Fig. 3) . The adhesions were carefully dissected along the plane between the dura mater and arachnoid membrane under an operating microscope, and the spinal cord was released. We avoided manipulating the spinal cord as much as possible, and dissected only the arachnoid membrane. We were able to confirm this without retraction of the spinal cord. The adhesion was recognized to be nearly circumferential. We performed the dissection only on the dorsal surface of the cord to avoid retraction of the spinal cord. Shunt placement was performed between the syrinx and the far distal subarachnoid space without arachnoiditis to avoid the possibility of obstruction (Figs. 4-6 ). We took 6 hours in case 1, and 7 hours in case 2, for the surgery. In both the cases, we could see the syrinx through the pia mater at the posterior median sulcus, so we cut the pia mater and placed a 6-cm shunt tube for syringomyelia (Create Medic Co., Ltd., Yokohama, Japan). Because of arachnoid dissectionrelated CSF leakage, syrinx pressure was unremarkable, and was thus not recorded. We did, however, note a spout of CSF at the arachnoid dissection, particularly at the proximal region of the syrinx.
Postoperatively, we identified transient motor dysfunction of MRC grade 3 in both lower limbs of both patients; this resolved to preoperative levels in a few days. Both patients underwent 4 weeks of rehabilitation following the surgery. The gait disturbance had gradually improved at a 1-year postoperative follow-up. An MRI taken at this follow-up revealed a large pseudomeningocele without symptoms in case 1 (see Fig. 4b ). 
discussion
The association between spinal arachnoiditis and syringomyelia was first reported by Vulpian in 1861 and by Charcot and Joffroy in 1869. Some authors believed that the occlusion of blood vessels supplying the spinal cord by the arachnoid scarring was the underlying pathophysiological process for intramedullary cavitation. 5 Williams implicated craniospinal pressure dissociation, secondary to obstruction of the subarachnoid space, as the factor responsible for cyst formation and extension. 6 In 2004, Chang and Nakagawa 7 went on to explain that blockage of the spinal subarachnoid CSF pathway produces a relative increase of the pressure inside the spinal cord, distal to the blockage point. Repetitive formation of this pressure gradient then induces CSF leakage into the spinal parenchyma, leading to the formation of syringomyelia. Milhorat considered this type of syringomyelia to be of the non-communicating type, because no connection between the cyst and the fourth ventricle could be demonstrated. 8 The surgical treatment of syringomyelia associated with spinal adhesive arachnoiditis has been directed toward the drainage of the syrinx by myelotomy, or by shunting, with good short-term results. 2, 9 However, recent studies have revealed an unsatisfactory long-term prognosis with high rates of syrinx recurrence. 10 Hence, several approaches for arachnoid dissection and decompression of the subarachnoid space have been reported. 2 However, surgery to restore the free flow of CSF sometimes proves unsuccessful. On other occasions, adhesive arachnoiditis may be too extensive for any realistic attempts to be made. At times, it is also impossible to identify a focal point of obstruction to the CSF flow. Thus, when normal CSF circulation cannot be re-established, direct drainage of syringomyelia cavities, using syringo-subarachnoid, syringo-pleural, and syringo-peritoneal shunts with arachnoid dissection is a well-defined and accepted treatment modality. 11, 12 There is a possibility of closure of the shunt tube in the case of syringosubarachnoid shunts around the arachnoiditis, and broad arachnoid dissection has the risk of surgical damage to the cord. 4, 13 Here, we reported two cases of syringomyelia associated with spinally adhesive arachnoiditis treated with a partial arachnoid dissection and syrinx-far distal subarachnoid shunt. The arachnoid dissection was based on the nature of the pathology, and we added the syrinx-far distal subarachnoid shunt. We placed the distal end of the shunt at the syrinx-far distal subarachnoid space, without arachnoiditis, to avoid shunt obstruction as much as possible.
We have followed up these patients after 1 year following surgery. There is a possibility of re-adhesion of the arachnoid by the surgeries. Because this surgical procedure has the potential for risk of infection, CSF leakage, shunt obstruction, and other complications, we have to consider surgery for this condition carefully.
Conclusion
Based on the pathology of syringomyelia associated with spinally adhesive arachnoiditis, a partial arachnoid dissection of the cord and a syrinx-far distal subarachnoid shunt might be a good approach. Figure 7 . intraoperative view. the syrinx was recognized through the pia mater and the shunt tube was inserted into the syrinx after cutting the pia mater.
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